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Abstract 
Lightning can be described as transient high current electric discharges usually within few tens of kilometers 
resulting from the atmospheric climate condition. Lightning are due to the electrostatic field (slow field changes), 
radiated field (fast field changes) and magnetic fields associated with the motion of charges. The various lightning 
parameters such as electric current, charge transfer, as required for analysis of atmospheric electricity research can 
be extracted from the measurement of lightning field components. Lightning characteristics and their statistical 
information are the foundation for the design of lightning protection system as well as for the calculation of 
lightning radiated fields. In this paper, the characteristics of electric fields generated by negative cloud-to-ground 
lightning discharges in south of Malaysia are analyzed. A total of 220 cloud-to-ground lightning discharge from 5 
different thunderstorm events (each event lasts for about 4-5 hours) were investigated. The findings of the statistical 
results showed that 7% of the flashes were single stroke flashes, and the maximum number of strokes recorded was 
14 multiple strokes per flash. A preliminary breakdown signature in more than 95% of the flashes can be identified. 
The maximum and minimum of preliminary breakdown time duration of the observed lightning signals were 38 ms 
and 490 us, respectively. 
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1. Introduction 
Most lightning discharge originates from electric charged regions located in the cumulonimbus clouds which can be 
approximated as a vertical tri-poles consisting of three charge centres namely, the main positive charged region  at 
the top, main negative charged portion at the middle and additional positive charges at the bottom. An average of 
75% total lightning discharges occurring with the clouds are either as intra-cloud, inter-cloud or even cloud to air 
discharges while the remaining 25% covers the cloud-to-ground (CG) discharges. Cloud-to-ground are also 
classified into four types as either downward negative, upward negative, downward positive or upward positive 
lightning discharges. This paper limits it scope to downward negative CG lightning as it has 90% occurrence 
probability and poses great dangers to our surroundings [1,2].  
Moreover the preliminary breakdown pulse (PBP) trains which take place before the return strokes of Cloud-to-
Ground lightning have been studied by many researchers [3-6]. The preliminary breakdown is caused by an inside 
vertical cloud discharge between the negative charge packet and the lower positive charge packet. This discharge 
can be up to 10 ms in duration. The other studies show that the preliminary breakdown could also have considerable 
horizontal extent [7,8]. 
The BIL model as the simplest definition of the breakdown processes in the lightning flashes has introduced by 
Clarence and Malan in 1957. In the BIL model, the flash processes are initiated by below sequential sections [2,10]: 
x An initial breakdown (B): lasting some milliseconds, this radiates intense electromagnetic radiations. This 
is followed by a quiet intermediate stage with little associated radiation. 
x Intermediate stage (I): lasting up to several hundred milliseconds, ending with the onset of stepped leaders. 
x Stepped leaders (L): lasting a few milliseconds at the most, which again radiates more intensive 
electromagnetic radiations. The stepped leader stage finally ends with a very intensive return stroke (RS) 
[9]. 
Multiplicity of return strokes (RS) can be defined as the number of strokes recorded per flash which does not 
necessarily mean occurring along the same channel to ground. These strokes can be of single or multiple per flash as 
single flash are often recorded in positive flashes while negative flashes have about 90% possibility of having 
multiple stroke occurrence [10]. Gomes et al. [7] and Cooray et al. [3] have investigated the ratio of the highest 
amplitude of the electric field peaks of the preliminary breakdown to that of the first return strokes in Sweden and 
Sri Lanka. Several other similar measurements in different regions were also carried out by Weidman and Krider in 
Florida [11], Ogawa [12] and Ushio et al.  [13] in Japan, and Gomes and Cooray in Sweden [7]. Comparative studies 
on the lightning discharge processes in different meteorological conditions can contribute to better understanding of 
the lightning breakdown process [14-16]. However, there are only a few measurements done in the equatorial 
regions. The main objective of this paper is to characterize the lightning discharges in Malaysia. In particular, the 
main processes within a lightning discharge will be studied in detail. 
2. Methods 
 The measurements were performed from November to December 2012 during the monsoon period in the Johor 
state. Johor is a state located in the southern portion of Peninsular Malaysia. Johor is close to the equator (1°20"N 
and 2°35"N latitudes) and has a tropical rainforest climate with monsoon rain from November until February. The 
average annual rainfall is 1778 mm with average temperatures ranging between 25.5 °C (78 °F) and 27.8 °C (82 °F) 
and the humidity is between 82 and 86%. The measuring site was located at the UTM Observatory building, which 
is at 142 m above the sea level. A 1.5 m height flat plate antenna was used to capture the vertical component of the 
electric field. The antenna output signals were fed into a digital oscilloscope (LeCroy Wave Runner 44Xi-A) 
through a fast electric field buffer circuit. The buffer also functions to limit the overvoltages as well as for 
impedance matching. A 50 cm long RG58 coaxial cable was used to between the antenna and the electronic buffer 
circuit, and another 4.5 m long RG58 coaxial cable between the buffer and the digital oscilloscope. The sampling 
rate was set to 50 MS/s with the total length of recorded waveforms being 500 ms. The trigger level was set at 
between 500 mV and 2 V and a 150 ms pre-trigger mode was set. The decaying time constant of the buffer was set 
to approximately 10 ms. Fig.1 shows the schematic description of the lightning detection system used. 
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3. Results and discussion  
Fig. 2 displays one typical pattern of electric field changes preceding the first negative cloud-to-ground, recorded 
on 27/11/2012 at 16:14:25.145. This is a cloud-to-ground lightning flash which is initiated by breakdowns within 
cloud that includes changes in the field formation, which lead to streamers and then to step leaders, and eventually 
to the return stroke. In terms of the magnitude; the amplitude of the first return stroke is much higher than the 
maximum point of the PBP train. On the other hand, the PBP and the first return stroke have the same polarity but 
these specifications are not fixed to all the captured flashes due to the stochastic behavior of the lightning 
waveforms even in a similar thunderstorm. A total of 5 return strokes were recorded in 500 ms time frame. The B-I-
L (breakdown-intermediate-leader) model is used to examine the pattern of electric field changes preceding the 
negative cloud-to-ground flash. The BIL model is a suitable tool for electric field pattern analysis.  Fig. 3 shows a 
close up view of Fig. 2 in 18 ms time frame. This figure clearly illustrates the electric field pattern which is 
consistent with the BIL model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          Fig. 3. Close up from Fig. 2 with time frame of 18 ms 
Fig. 2. Cloud-to-ground lightning flashes showing a pronounced preliminary breakdown pulse train, intermediate, and step 
leader preceding the flash recorded on 27/11/2012 at 16:14:25.145 with 500 ms time frame 
Fig. 1. Schematic description of the lightning detection system 
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Fig.4 shows one sample waveform which is not fitted to the BIL model. The intermediate stage in Fig. 4 might have 
the duration of zero as it is clear in Fig. 5. The close up view of the time duration between the PBP and the first 
return strokes is presented in Fig. 5. As can be clearly seen, the electric field pattern obtained cannot be fitted to the 
BIL model. Hence, further analysis for characterisation (such as, the durations of preliminary breakdown and leader 
process) is impossible to be made. This is the main problem with discharges having BL model. 
      A total numbers of 220 flashes were captured during November and December 2012. From 220 lightning flashes 
that were analyzed, 60.4% (133 waveforms) fit the BIL model. In 35% (77 waveforms) of the captured flashes the 
intermediate section had duration of zero (BL form) and 4.6% (10 waveforms) had irregular pattern that is they 
cannot be fitted into either BIL or BL models.  
Fig. 6 shows a summary of the analysed lightning flashes. Four key results are the total number of signals 
recorded, number of signals fitting BIL model, number of signals fitting BL , number of signals having irregular 
pattern. Total number of 100 recorded flashes which were fitted to the BIL were selected for the further analyses. A 
histogram of the total preliminary breakdown pulse (PBP) train time duration is shown in Fig. 7(a). It is noted that 
the total of PBP train time duration varies from sub microsecond to 40 ms. Most of the analysed samples have PBP 
train time duration of between 5 to 10 millisecond. The minimum and maximum PBP train time duration recorded 
are 490 microseconds and 38 milliseconds, respectively. 
A histogram of the total time duration of the intermediate process is shown in Fig. 7(b). As it is clearly seen, the 
time interval between “B” and “L” steps varies from a few milliseconds to around 100 milliseconds. Most of the 
signals have an intermediate process time duration of between 20 to 30 millisecond. The minimum and maximum 
intermediate process time durations recorded are 3 and 97 milliseconds, respectively. 
 
 
 
Fig. 4. Electric field record of negative cloud-to-ground lightning flash showing a pronounced preliminary breakdown 
pulse train and step leader that can be fitted as ‘B, L’ description recorded on10/12/2012 at 17:12:04.156 with 500 ms of 
time frame.  
Fig. 5. Close up from Figure 4 with time frame of 19 ms. 
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Histograms of the number of strokes per flash are shown in Fig. 8. The percentages of the single-stroke flashes 
was found to be 9%, therefore about 91% of negative cloud-to-ground lightning consist more than one stroke. The 
average number of strokes per flash is 4 flashes which is the well-known average. 
    Table 1 shows the average number of stroke per flash and the percentage of single-stroke flash recorded. The 
maximum stroke multiplicity is 14 strokes per flash that is recorded on 03/12/2012 at 04:35:04.052 as illustrated in 
Fig .9.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. (a) Histogram of the total duration of PBP trains (from 100 samples of cloud to ground lightning). (b) Histogram of the total 
time duration of the intermediate process (from 100 samples of cloud to ground lightning). 
 
Fig. 6. Histogram of lightning signals pattern 
Fig. 6. Histogram of lightning signals pattern 
Fig. 8. Number of Strokes in Flash 
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Table 1. Number of strokes per flash (multiplicity) and percentage of single-stroke flashes 
Event Date Time of 
Measurement 
Total Number of 
Flashes 
Average 
Multiplicity 
(strokes/flash) 
Maximum 
Multiplicity 
(strokes/flash) 
Percentage of 
Single Stroke 
Flashes 
(%) 
 
23/11/2012 
27/11/2012 
03/12/2012 
1 pm- 5pm 
4 pm-7 pm 
2 pm-5 pm 
40 
50 
55 
7.2 
7.4 
6.6 
12 
10 
14 
8 
8.2 
7.8 
 
10/12/2012 1 pm-6 pm 30 4 11 6.6  
13/12/2012 3 pm-7 pm 45 5.3 12 4.7  
 
4. Conclusion 
This study focused more on the preliminary breakdown and return strokes happened within the cloud to ground 
flashes. A statistical analysis on 220 recorded signals in 5 different days showed that 60.4% of signals were 
consistent with BIL model of lightning preliminary discharge. A further analysis on preliminary breakdown pulse 
(PBP) trains on 100 selected cloud to ground lightning discharges showed that more than 44% of PBP train have a 
time duration of between 1 to 10 ms. The characteristics of the return strokes in the cloud to-ground lightning 
discharges have been summarized, as is shown in Table 1. The percentages of single strokes in the cloud-to-ground 
lightning discharges in Malaysia were found to be less than 10%. Given the 350 ms (after the first return stroke) 
time frame used in this study, a maximum of 14 strokes was observed from all flashes.  
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